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© Method of producing an at least partially sintered product 

© A method of producing an at least partially sin- 
tered product, comprising introducing sinterable ma- 
terial into a mould or die and having at least one wall 
member which is adapted to produce a surface of 
the said produce and which is microwave heatabie, 
and subjecting said mould or die to microwave radi- 
ation so as to heat the mould or die and thereby 
effect at least partial sintering of the sinterable ma- 
terial, characterised in that the or each said wall 
member is made at least predominantly of micro- 
wave heatabie material having a dielectric loss factor 
€%n at the frequency of said microwave radiation of 

^..at least 0.1 and having a thermal conductivity of at 

<J least 10 Wm ~'K~\ 
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"METHOD OF PRODUCING AN AT LEAST PARTIALLY SINTERED PRODUCT" 



This invention concerns a method of producing 
an at least partially sintered product. Although the 
Invention is not so restricted, it is more particularly 
concerned with the production of a core member 
for use in the dyeing of yam. However, the inven- 
tion may also be used to produce a variety of other 
products such as traffic cones, flower pots, drain- 
age pipes and filtration members. 

Known core members for the dyeing of yam 
suffer from a number of disadvantages. Such core 
members have previously been made of impervi- 
ous material, such as plastics material, having 
holes therein for the passage of the dye liquor, or 
have been made or steel wire formed to provide 
gaps through which the dye liquor passes. The 
yam to be dyed has been wound onto such cores 
and has thus been supported by the said impervi- 
ous material or steel wire. Consequently, the dye 
liquor has been unable to pass through those por- 
tions of the core member which engage the yam, 
while the said portions have an "ironing" effect on 
the yam. 

A suggestion has been made in British Patent 
Specification No. 2.018,722Ato deal with this prob- 
lem by covering the core member with a sleeve of 
porous needlefelt material onto which the yam to 
be dyed is wound so that the dye liquor which has 
passed through the holes or gaps in the core 
member is dispersed to some extent in the porous 
needlefelt material before contacting the yam. The 
use of such a sleeve, however, does not ensure 
even dyeing throughout the wound yam, whilst it 
also involves the use of an additional member 
which substantially increases costs both in respect 
of the provision of the sleeve itself and of its 
assembly and dis-assembly. Additionally, when the 
said sleeve of porous needlefelt material is sup- 
porting a package of yam during either a dyeing 
process or any intermediate process, the yam 
tends to collapse inwardly into the needlefelt ma- 
terial causing wastage of yam. Furthermore, the 
porous nature of the needlefelt material is such that 
it does not have solid portions at its extremities. 
Consequently, the dye liquor will tend to flow 
through these extremities since they have no yam 
wound on them and therefore offer the least resis- 
tance to the pressure. 

In British Patent Specification No. 318,327 
there is disclosed a core member constituted by a 
hol|ow reel or cylinder. The specification mentions 
that this reel or cylinder can itself be porous but 
does not indicate any suitable material from which 
such a porous reel or cylinder may be made and 
does suggest that such a structure may be "too 
weak". The specification also indicates that the reel 



or cylinder may be impervious and may be of iron, 
aluminium, or other metal, ceramic material, an 
artificiar resin, such as phenol-formaldehyde resin, 
or hardened rubber, the impervious reel or cylinder 
5 being perforated and being covered by a porous 
coating of porous materials such as blotting paper, 
textile fabrics, asbestos, glass frits, or zeolite, ft 
would clearly not be possible, however, to make 
the reel or cylinder itself from such porous materi- 

70 als since it would then certainly be "too weak". 

In British Patent Specification No. 2.01G.165B 
there is disclosed a method of producing a sintered 
product comprising introducing sinterable material 
into a microwave heatable mould and subjecting 

is said mould to microwave radiation so as to heat the 
mould and thereby effect sintering of the sinterable 
material. This citation, however, suggests that onfy 
that part of the wall member of the mould which 
contacts the material to be moulded is microwave 

20 heatable. This means that the wall member of the 
mould has to be provided with a complicated cool- 
ing system to cool the remaining part of the wall 
member of the mould. Moreover, in order to pro- 
vide the wall member of the mould with the said 

25 microwave heatable part, the citation suggests that 
the body of the said wall member should be 
formed by a resin having a filler of fibers, the said 
microwave heatable part of the wall member of the 
mould being constituted by a thin layer of resin 

30 containing 1-5% of carbon black. It would be very 
difficult, however, to distribute the carbon black 
uniformly and hot spots would almost inevitably be 
produced which would cause uneven sintering of 
the product The method suggested in this citation 

35 would therefore be unsuitable for making the core 
member referred to above. 

According.therefore, to the present invention, 
there is provided a method of producing an at least 
partially sintered product, comprising introducing 

40 sinterable material into a mould or die having at 
least one wall member which is adapted to produce 
a surface of the said product and which is micro- 
wave heatable. and subjecting said mould or die to 
microwave radiation so as to heat the mould or die 

45 and thereby effect at least partial sintering of the 
sinterable material, characterised in that the or 
each said wall member is made at least predomi- 
nantly of microwave heatable material having a 
dielectric loss factor € % ff at the frequency of said 

so microwave radiation of at least 0.1, and having a 
thermal conductivity of at least 10 Wnrr'K- 7 . 
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e%ff may be defined as foilows:- 

where e* is the relative complex permittivity 
«' is the dielectric constant, and 
€%« is the effective ioss factor. 

If desired, the sinterable material may also be 
microwave heatable material. 

Since the dielectric loss factor € n aff at the fre- 
quency of said microwave radiation is at least 0.1, 
rapid heating of the wall member is possible with- 
out excessive voltage gradients. Moreover, sine© 
the thermal conductivity of the wall member is at 
least 10 Wm-'K- 1 , the risk of localised overheating 
is reduced. 

The or each wall member preferably has a 
thermal shock resistance parameter R of at least 
10. This feature enables the mould or die to be 
rapidly quenched after moulding without the in- 
troduction of high thermal stresses which might 
result in fracture of the mould. 

The thermal shock resistance parameter R may 
be defined as follows:- 

R = k or (1 - \i) 



E a 

where k = thermal conductivity (Wm-'K- 1 ) 

o = rupture strength (MPa) 

U ■ Poisson's ratio 

E = Young's modulus (GPa) 

a = Thermal expansion coefficient PC10~ , K- 1 ) 

The microwave heatable material may com- 
prise a ceramic material, e.g. silicon carbide, sili- 
con nitride or carbon. The silicon carbide is prefer- 
ably produced by subjecting a mass of porous 
carbon or graphite to reaction with a silicon con- 
taining vapour. 

The mould may have male and female wall 
members which are adapted to form a tubular" 
product therebetween, one only of said wall mem- 
bers being microwave heatable. 

The said product may be a self-supporting 
core member adapted to support a textile package. 
Preferably, a filament, yarn or wire Is wound onto 
the surface of the core member to form the said 
textile package. 

A core member made by the method of the 
present invention may thus readily be formed with 
an external surface that does not snag the yarn or 
filament. On the other hand, due to the at least 
partial sintering, this externa! surface will be suffi- 
ciently rough in nature so as to offer adequate 
friction for the regular build-up of the said package 
at the commencement of the winding of the yarn or 
filament Thus although the initial winding of the 
yarn or filament onto the core member may be at 
an angle to the axis of the core member, there 
need be no slippage of the yarn or filament on the 



surface of the core member with the result that a 
regular package can be built up. Consequently, the 
invention permits the production of readily trans- 
portable wound bobbins. 
5 Such a core member, moreover, may be pro- 

duced at very low cost so as to permit one off use. 
This reduces the value of the core member inven- 
tory and removes the problem of having to send a 
customer yarn which has been wound onto an 

io expensive core member whose return might be 
difficult to ensure. 

Such core members, moreover, can be pro- 
duced without expensive tooling so that it is easily 
possible to cater for a very large number of dif- 

75 ferentiy sized core members which are required in 
the industry. 

The use of such microwave radiation, e.g. in 
the range 400 MHz to 10,000 MHz, in association 
with the use of a mould or die, e.g. a ceramic 

20 mould or die, having inherently high thermal con- 
ductivity, of at least 10 Wm-'K'' substantially re- 
duces the incidence of hot spots, while the effect of 
any hot spots which do occur will be reduced by 
the high thermal conductivity of the material of the 

25 mould or die. Moreover the use of a mould or die 
having such an inherently high thermal conductivity 
enables the material in the mould or die, after it 
has been at least partially sintered, to be cooled 
rapidly and thus to be capable of being extracted 

oo rapidly from the mould or die. This is particularly 
important in the case of a thermoplastic moulding 
material. 

Preferably, at least a portion of the core mem- 
ber is porous, the wound filament, yarn or wire 

35 being subjected to a treatment liquid which passes 
through the pores of the said portion. Thus the 
treatment liquid may be a dye liquor. 

The reduction of the number of hot spots is 
very important in relation to the production of a 

40 porous core member since, where there is a hot 
spot, there will be a greater degree of sintering and 
therefore an Irregularity in the porosity of the core 
member, leading to an unequal flow of dye liquor 
into the yarn. 

45 In the case of the present invention, therefore, 
the sintering of the core member may be such that 
the dye liquor flows readily through the core mem- 
ber, and, due to the porous nature of the core 
member, the yam contacting the core member will 

so not be prevented by any portion of the latter from 
being open to the dye liquor. Furthermore, by 
reason of the porous nature of the core member, 
the pores in the core member provide the pas- 
sages through which the dye liquor flows and thus 

55 it is not necessary, in contrast to known core 
members, to provide holes in the latter for the 
passage of the dye liquor. As indicated above, the 
use of such holes is very undesirable since the 
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yarn is wound tightly onto the cor© member and 
consequently the latter, when .provided with such 
holes, tends to have an "ironing " effect on the 
yarn. 

A further advantage of such a porous core 
member Is that it does not Involve the need to 
mount a porous sleeve on the core member since 
the necessary filtration will be effected by the po- 
rous core member itself. 

Yet a further advantage of a core member 
produced by the method of the present invention is 
that it may be made of materials such that the core 
member may be compressed axial ly so as to allow 
a plurality of such core members to be mounted on 
a die spindle to form a solid column of yam. The 
material of the core member may, in the case of 
the present invention, also be such as to allcw for 
radial compressibility so as to cater for the contrac- 
tion of high shrinkage yams. 

As will be appreciated, the points of contact 
between the yam or filament and the solid parts of 
the core member will be as small as possible by 
reason of the sintering of the core member so that 
the dye liquor can reach even the innermost layers 
of yam. 

As stated above, the mould or die is preferably 
formed at least predominantly of a microwave re- 
sponsive ceramic material. The term "ceramic ma- 
terial" is intended to refer to any solid, chemically 
inorganic material, other than a pure metal or an 
alloy, which is rendered serviceable at some stage 
during its formation or manufacture through pro- 
cessing at a temperature of at least 500 °C, The 
term "ceramic material" thus includes pottery, re- 
fractories, inorganic metallic oxides, nitrides and 
carbides, carbon, glass, cement and cement-based 
products. The preferred ceramic materials for the 
mould or die, however, are silicon nitride and, more 
particularly, silicon carbide. 

The use of microwave radiation, in contrast to 
other forms of heating, enables the time taken to 
form the core member or other product to be 
considerably reduced and this in turn enables the 
core member or other product to be produced very 
inexpensively and with improved quality. In order to 
be able to use microwave radiation, however, it is 
desirable, if a satisfactory commercial product is to 
be obtained, to form at least one of the wall mem- 
bers of the mould or die at least predominantly 
from a material v-hich has high microwave receptiv- 
ity so that there will be a rapid rate of heating with 
a low power input; high thermal conductivity and 
thermal shock resistance to permit rapid rates of 
cooling and so as to ensure uniform heating such 
that hot-spots are avoided; ease of fabrication (e.g. 
by machining) into complex shapes; high resis- 
tance to deformation at high temperatures; low 
overall cost of manufacture; high durability in re- 



spect of strength, toughness and wear resistance; 
ability to withstand repeated heating to elevated 
temperatures while being inert to chemical attack; 
and high surface finish to facilitate release of the 
5 core member or other product from the mould or 
die. Properties of this sort are possessed in par- 
ticular by silicon carbide, especially that marketed 
under the Trade Mark SILMOR by Morganite Spe- 
cial Carbons Limited. 

io SILMOR silicon carbide material is produced 

by the conversion of a mass of porous carbon or 
graphite to 0-sificon carbide by reaction of the 
mass with silicon monoxide vapour whereby the 
surface carbon of said mass reacts with the silicon 

is monoxide vapour to form silicon carbide jn situ. 
This material, in addition to possessing the prop- 
erties mentioned in the previous paragraph, has 
good resistance to material containing abrasive 
particles and has the following specification:- 

20 Bulk Density 2230 kg m~ 3 

Conversion depth up to 5 mm 

Hardness 12+ (Moh's scale) 

Temperature limit of operation 1600 P C 

Thermal Expansion 3.8-4.6 x lO-^C- 1 (25-1 000* C) 

25 Bend Strength 89MN m" 2 

Youngs Modulus 106 GN nrr 2 
Thermal Conductivity 100W nrr 1 K- 1 

In contrast it would not be possible to use 
such a ceramic mould or die with other forms of 

3Q dielectric heating such as radio frequency (RF) 
heating since this would be likely to lead to elec- 
trical breakdown due to the high voltage gradients 
experienced. 

The use of RF heating would also produce 

35 severe problems in relation to hot spots. 

The sinterable material may be particulate ma- 
terial or may be fibrous or filamentary material. 
Such material may be inherently polar material 
which is responsive to the said microwave radi- 

40 ation. Alternatively, the arrangement may be that 
the said material is not responsive to the said 
microwave radiation but is admixed or coated with 
further material which is so responsive. Thus the 
said further material may be carbon black, or alu- 

45 minium silicate, or a metal oxide, e.g. FE3O4. 

The sinterable material may comprise metallic, 
ceramic, glass or rubber material. Alternatively, the 
sinterable material may comprise polymeric par- 
ticles, polypropylene or other thermoplastic par- 
se tides. 

The sinterable material may be admixed with a 
chemical foaming or blowing agent 

Preferably, after the mould or die has been 
heated for a length of time sufficient to achieve the 
55 said sintering it is cooled by directing fluid jets 
onto it 
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The sinterable material may be introduced into 
the mould or die in the form of separate layers 
thereof which have differing sintering properties. 
Thus the materia) of all the said layers may be the 
same but the average particle sizes thereof may be 
different 

The sinterable material may comprise poly- 
meric particles admixed with pigment particles. 
Moreover, the polymeric particles may be pre- 
heated to a temperature not exceeding their soften- 
ing point prior to their introduction into the mould 
or die. 

The mould or die may be simultaneously sub- 
jected to hot air and microwave heating. 

The mould or die may be rotated during the 
sintering so as to effect biaxial rotation of the said 
sinterable material. 

Different parts of the mould or die may be 
made of different ceramic materials which are re- 
spectively responsive to microwave radiation to dif- 
ferent extents. 

The sintering may be carried out in a non- 
oxidising atmosphere. 

A core member produced by the method of the 
present invention is preferably tubular. 

If desired, the thickness of the wall of the 
tubular core member may differ in different parts 
thereof. 

Preferably, at least one end portion of the core 
member is substantially non-porous. The or each 
said end portion may be formed of sinterable ma- 
terial which is fully sintered during the sintering 
process, the central portion of the core member 
being incompletely sintered so as to be porous. 

It will thus be appreciated that, the core mem- 
ber may be provided with non-porous end portions 
onto which the yarn is not wound so that the dye 
liquor is prevented from passing through portions 
of the core member where there is no yam. Fur- 
thermore, these non-porous end portions may be 
formed simultaneously with the central porous por- 
tion. 

Such porous and non-porous portions may be 
obtained by introducing into, the mould material of 
different particulate sizes. Thus the end portions of 
the core member may be obtained by the introduc- 
tion into the mould of a powder, while the central 
portion of the core member may be obtained by 
the introduction into the mould of larger particulate 
materia]. 

As least one part of the core member may be 
coloured to provide an indication of the type of 
yam which ft is designed to carry. Thus the core 
member may have a plurality of differently col- 
oured areas. 



Thes core member may be formed to contract 
: axialiy and/or radially when subjected to axiaJ 
and/or radial pressure respectively. Thus the tubu- 
.lar inner and outer parts may be arranged to be 
5 telescoped into each other when the core member 
is subjected to axial pressure. 

The outer part may have a frusto-conical inter- 
nal surface which engages the external surface of 
the inner part. 

io The wall thickness of each of the inner and 

outer parts may vary axialiy so that the combined 
wail thickness of the inner and outer parts is sub- 
stantially always the same irrespective of the extent 
to which the inner and outer parts are telescoped 

75 into each other. 

The external surface of the core member may 
be recessed in at least one region so as to permit 
radial contraction of the core member when yarn 
wound on to the latter shrinks. 

20 The method of the present invention may also 
be used to produce a porous pot for a plant within 
whose wall and/or base there is incorporated water- 
soluble material containing a plant nutrient or nu- 
trients, the arrangement being such that if a plant is 

25 planted in the pot and the latter is stood in water, 
the water will permeate through the pot and gradu- 
ally dissolve the water-soluble material so as to 
carry the nutrient or nutrients to the plant at a 
controlled rate. 

30 The pot may be made, of sintered plastics 
material. The water-soluble material, which may 
also contain an odorant or odorants, may be con- 
stituted by a soluble glass such as controlled re- 
lease glass. 

35 The invention also comprises a porous self- 
supporting core member adapted to form a textile 
package characterised in that the core member is a 
partially sintered member. 

The invention additionally comprises a micro- 
40 wave heatable mould, or mould part, of silicon 
carbide material. 

In this case, the silicon carbide material may 
be produced by subjecting a mass of porous car- 
bon or graphite to reaction with a silicon containing 
45 vapour. 

The invention also comprises use of silicon 
carbide as a microwave heatable material. 

The invention is illustrated by the following 
Examples. 

50 

EXAMPLE I 

Polypropylene homopolymer chips of approxi- 
55 mately 3mm diameter were formed into a perform 
by introducing them by means of a gravity feed 
into the space between the inner and outer walls of 
a hollow tubular ceramic mould made throughout 
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from the above-mentioned silicon carbide material 
marketed under the Trade Mark SILMOR by Mor- 
ganite Special Carbons Limited and having a di- 
electric loss factor at the frequency of the 
microwave radiation to which it was subjected of at 
least 0.1 so that rapid heating of the mould was 
possible without excessive voltage gradients, hav- 
ing a thermal conductivity of at least 10 Wm* 1 ^ 1 
so as to reduce the risk of localised overheating, 
and having a thermal shock resistance parameter R 
of at least 10 so that the mould could be rapidly 
quenched after moulding. The chips were lightly 
tamped in the mould to facilitate particle packing. 
The mould was introduced into a microwave oven 
which was provided with microwave energy of 2450 
MHz and an output power of 1.5 kw. The silicon 
carbide mould and its contents were heated for 4 
minutes so as to produce a self-supporting tubular 
polypropylene sintered core member having an 
interconnecting porous structure whose approxi- 
mate pore size was up to about 1mm in diameter. 

After moulding for the pre-set time of 4 min- 
utes, cooling of the mould and of the polymer 
contained within it was achieved either by directing 
jets of air onto the external surface of the mould or. 
in some instances, by Immersing the mould in 
water. 

As will be appreciated, the polypropylene 
homopolymer chips themselves were substantially 
non-responsive to microwave radiation but were 
heated by reason of the fact that the mould itself 
was formed of silicon carbide which is responsive 
to microwave radiation. 

Yam (or,aitemative!y, either continuous filament 
or wire) was then wound onto the core member so 
produced so as to form a textile package. This 
textile package could then either be transported 
without further processing to a customer's factory, 
or other remote location or it could be subjected to 
a dye liquor or other treatment liquid which would 
pass through the porous structure referred to 
above. 



EXAMPLE II 

The process was the same as for Example I, 
but the polypropylene homopolymer, instead of 
being In the form of chips whose diameter was 
approximately 3 mm. was constituted by a powder 
whose average particle size was 250um. The ma- 
terial was sintered in the mould for 3.5 minutes 
using a power of 1.5 kw and yielded an open 
porous structure whcfee approximate pore dimen- 
sions were 200u. 



EXAMPLE III 

The process was the same as for Example II, 
but the sintering time was extended to 4J minutes 
5 as a result of which the core member was almost 
fully sintered with only limited closed cell porosity. 
In this case, of course, the core member so pro- 
duced could not be used in a dyeing process. 

70 

EXAMPLE IV 

The process was the same as in the case of 
either Example I or Example II, but in this case, the 

75 polypropylene homopolymer was premixed with 
1% by weight of azodicarbonamide chemical blow- 
ing agent whose decomposition temperature was 
about 180°C. This mixture was heated in the mi- 
crowave oven for 4£ minutes in order to melt the 

20 polymer prior to the decomposition of the blowing 
agent The subsequent foaming of the polymer 
which occurred resulted in the production of an. 
integral skin closed cellular material or structural 
foam having an estimated density reduction of 

25 about 30% relative to the solid polymer. 



EXAMPLE V 

30 A sintered core member was produced by a 

process which was the same as in Example I 
except that the polypropylene was introduced into 
the mould in the form of three layers, i.e. a bottom 
layer of polypropylene powder (e.g. of the Wnd 

35 specified in Example II), a central layer of poly- 
propylene homopolymer chips of approximately 3 
mm diameter, and a top layer of the said poly- 
propylene powder. The central layer occupied the 
great majority of the length of the preform. The 

40 subsequent sintering, which was as specified in 
Example I, resulted in the production of a sintered 
core member having substantially fully sintered 
ends but with an open porous structure in the 
central part thereof. Such a design of core member 

45 ensures added radial strength when yam is wound 
onto the core member prior to dyeing. 

Moreover, such a core member is provided 
with solid. I.e. non-porous, parts in those regions 
which do not come into contact with the yam. 

so Accordingly, the dye liquor is prevented from seek- 
ing the path of least resistance, i.e. those parts of 
the core member onto which the yam is not wound. 
Thus the fully sintered ends both prevent the flow 
of the dye liquor therethrough and, at the same 

55 
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time, they provide greater hoop strength for the 
core member to withstand the pressures which are 
generated by certain types of yarn, e.g. polyester. 



EXAMPLE VI 

The process was the same as for Example V, 
but the polypropylene powder used in the top and 
bottom layers was pre-mixed with pigment particles 
prior to sintering and/or the polypropylene homo- 
polymer chips of the central layer was precom- 
pounded with coloured pigments, e.g. phthalo- 
cyanine blue or green, prior to sintering. This pro- 
duced a core member which was appropriately 
coloured, or colour coded, so as to indicate the 
nature of the yarn which was intended to be wound 
• onto it 



25 



EXAMPLE VII 

The process was the same as in any of Exam- 
ples I to VI, but in this case the polymer employed, 
which might be polypropylene or other non-micro- 
wave receptive polymer, was dosed with small 
amounts, e.g. 1 to 10% by weight, of a microwave 
receptive conductive or polar additive such as car- 
bon black (e.g. Monarch 700 Black of Cabot Car- 
bon Limited) or a metal oxide, e.g. iron oxide - 
(Fe 3 Oi). The mixing of this additive with the poly- 
mer was effected either by simple distributive pre- 
blending in the case of a powdered polymer, or by 
high intensity compounding in the case of the 
polymer chips, e.g. using an intermeshing co-rotat- 
ing twin screw extruder to effect uniform dispersion 
and distribution of the polar or conductive additive 
In the polymer matrix. Following such compound- 
ing, the extrudate was pelletised and if necessary 
comminuted further to yield chips of the required 
dimensions for sintering. 

The presence of the polar or conductive ad- 
ditive in operation caused additional heat to be 
generated in the polymer and this is beneficial If 
very rapid rates of sintering are required to yield 
either a porous structure or a completely fused 
polymer, particularly on thick section components. 

It has been found by experimentation that the 
best results are obtained when the mould itself 
which is used for such mixtures of polymeric par- 
ticles and polar or conductive additives is, in accor- 
dance with the present invention, a microwave re- 
ceptive mould, as is the case of course when it is 
made of silicon carbide. In contrast, if a non-micro- 
wave receptive mould material such as PTFE is 55 
used for the moulding of polypropylene or other 
polymeric material dose'd with a small amount of 



such a polar or conductive material, variable rates 
of sintering are liable to be achieved throughout the 
component due to conductive heat losses from the 
polymer to the cooler surrounding mould. 

s The coating or surface treatment of the poly- 

propylene particles with a polar or conductive sub- 
stance which is highly responsive to microwave 
energy ensures that the polymer particles are rap- 
idly heated to a temperature in excess of the 

10 melting point of polypropylene which is 165°C. At 
the points of particle contact, polymer particles 
fuse together so as to produce a sintered structure. 
This use of a polar or conductive additive not 
merely increases the rate of sintering but also 

T5 ensures that the heat is generated uniformly and 
only at the surface of the particles where it is 
needed and not throughout the bulk of the polymer. 
Thus cooling times are shorter than those required 
by normal sintering processes. 

20 

EXAMPLE VIII 



This process was the same as in any of Exam- 
ples I to VI but in this case instead of using an 
inherently non-polar polymer such as poly- 
propylene use was made of an inherently polar 
polymer constituted by polyvinyl chloride, the latter 
being sintered in a silicon carbide or other ceramic 
30 microwave receptive mould. The sintering was ac- 
celerated due to the internal heating from the poly- 
mer. 



35 EXAMPLE IX 

The process was the same in any of Examples 
I to VIII but in this case the polymer was first pre- 
heated in a conventional (i.e. non-microwave) hot 
40 air circulating oven to a temperature not exceeding 
its softening point, was subsequently introduced 
into the ceramic microwave receptive mould, and 
was then sintered in the microwave oven by heat- 
ing It therein for 3 minutes. This reduced the time 
45 taken to effect the required sintering in the micro- 
wave oven. 

Alternatively, the heating of the mould could be 
effected in a combined hot air and microwave oven 
so that the mould was subjected to both forms of 
so heating simultaneously. 



EXAMPLE X 

The process was the same as for Example I 
but in this case a tubular moulding space was 
provided between concentric male and female 
mould parts, low density polyethylene chips whose 
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average particle size was 500am being introduced 
into the said tubular moulding space so as to form 
a tubular preform therein. The male mould part was 
made entirely of silicon carbide material marketed 
under the Trade Mark SILMOR as in Example I, but 
the female mould part was formed entirely of poly- 
tetrafluoroethylene (PTFE) which is transparent to, 
i.e. not heated by, microwave radiation. The mould 
and its contents were heated in the microwave 
oven for 2.5 minutes and were then cooled, as a 
result of which the polyethylene material had 
shrunk back onto the male mould part and was 
completely sintered so as to have a high gloss 
finish on the outer portion of the moulding. It 
should be appreciated that low density 
polyethylenes are substantially non-responsive to 
microwave heating, so that the complete sinter 
which was achieved was entirely due to the heat 
from the male mould part 

If the male and female mould parts are respec- 
tively made of microwave transparent material and 
microwave heatable material, it is anticipated that 
the sintered moulding will remain attached to the 
female mould part thus leaving a high gloss finish 
on the internal portion of the moulding. 

In the majority of the Examples mentioned 
above, the same polymer particles are used 
throughout the mould. However, It is possible to 
employ different grades of polymer particles in 
different regions of the core member in order to 
impart specific properties such as strength, stiff- 
ness or flexibility to particular parts of the core 
member. This can, for example, be achieved by 
using polymers of different molecular weights but 
the same chemical structure, or by the inclusion of 
reinforcing or toughening additives such as glass 
fibers or fillers, or by using polymers with differing 
molecular structures and differing properties. How- 
ever, the polymers should have broadly similar 
melting # ranges such as would be the case for 
example if polypropylene and ethylene-propylene 
rubber were used in different parts of the same 
core member. 

it is possible to apply the method described 
above not only to thermoplastic polymers but also 
to thermosetting polymers (e.g. epoxy or polyester 
resins) or for the vulcanisation or cross-linking of 
rubber compositions. 

Those parts of the mould where either more or 
less sintering is required may be made from either 
more or less microwave receptive material. 

The sintering operations described above may 
be carried out in a predetermined environment, e.g. 
a nitrogen environment, in order to reduce the 
susceptability of the materials used to oxidation or 
degradation. This could be achieved, for example, 
by surrounding the mould with materials which 



generate such a predetermined environment but 
which are themselves transparent to microwave 
energy so that they do not absorb any of the 
energy available within the microwave oven. 
5 The method of tine present Invention may be 

employed In the case of polymers with inherently 
high dielectric loss factors (e.g. chlorinated polyeth- 
ylene neoprene and chlorosulphonated polyethyl- 
ene (Hypalon) or other elastomers to which polar 
io additives such as carbon black or polyethylene 
glycol have been incorporated. 

The microwave oven employed may be such 
as to heat tubular material on a continuous basis, 
e.g. by containing a compacted preform of polymer 
. is particles in a sleeve formed by a conveyor belt 
wrapping around the preform at the start of the 
oven and then unwrapping at the exit from the 
oven. 

In addition to the polar additives described 

20 above, it is also possible for some applications to 
use a-cellulose, glycerol, water soluble polymers 
such as polyethylene glycol, and polyvinyl alcohol. 

The incorporation of small quantities of a 
chemical blowing agent into an activated poiy- 

25 propylene composition is an effective way of ensur- 
ing a fine open cell structure in a sintered core 
member. This is especially so where the blowing 
agent fs added to polypropylene power/a-cellulose 
or starch mixtures. 

30 All the Examples discussed above employ 

polymeric particulate material but it is also possible 
to carry out the method of the present invention so 
as to produce sintered ceramics, sintered glasses, 
or sintered metals. It is also possible to apply the 

55 method of the present invention not only to thermo- 
plastic polymers but also to thermosetting poly- 
mers (e.g. epoxy or polyester resins) or for the 
vulcanisation or cross-linking of rubber composi- 
tions. 

40 The mould material, while being sintered in the 
microwave oven, may be subjected to biaxial rota- 
tion followed by biaxial rotation during a subse- 
quent cooling stage. This can achieve substantial 
reductions in cycle time compared to more con- 

45 ventional rotational moulding technology. Moreover, 
those parts of the mould where either more or less 
sintering is required may be made from either 
more or less microwave receptive material. Such a 
process is particularly useful in the manufacture of 

so dustbins. 

Where the sintered product produced by the 
present invention is constituted by a product such 
as a porous flower pot or plant pot, the material of 
the sintered product may comprise one or more 

55 odorants. The product may also incorporate chemi- 
cal substances or other nutrients which promote 
plant growth and which are mixed with a water- 
soluble material such as controlled release glass so 
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that the nutrients can be released slowly over an 
extended period. That is to say, since the pot is 
porous it may be stood in a tray of water with the 
result that, as the water passes through the wall 
and/or base of the pot, it picks up an optimum 
dosage of nutrient over a given period of time. 

Such a pot may be made of any colour or may 
have a number or differently coloured parts. 

The method of the present invention is ap- 
plicable to the production of a dye core as shown 
in the accompanying drawings, in which:- 

Figure 1 is a longitudinal sectional view of a 
two-part dye core in an expanded condition, 

Figure 2 is a longitudinal view of the dye 
core of Figure 1 in its axially contracted condition, 

Figure 3 is an end view of a radially com- 
pressible dye core, and 

Figure 4 is a side view of the radially com- 
pressible core member of Figure 3. 

Referring to Figures 1 and 2 of the drawings, a 
self-supporting tubular core member 10 comprises 
a tubular inner part 11 and a tubular outer part 12 
which are arranged to be telescoped into each 
other when the tubular core member 10 is sub- 
jected to axial pressure. Each of the tubular inner 
and outer parts 11, 12 are constituted by a porous 
sintered member produced in accordance with the 
process of any of Examples I to DC The tubular 
core member 10 is thus such as to have at least a 
central portion which is porous and onto which 
central portion yam may be wound so that it may 
be dyed while on the central portion. 

The outer part 12 has a frusto-conical internal 
surface 13 which engages the external surface 14 
of the inner part 11. Consequently, when the core 
member is axially contracted, as shown in Figure 2, 
the end 15 of the outer part 12 rides over the 
external surface 14 of the inner part 11 so as to 
cause the end 16 of the Inner part 11 to be 
contracted radially inwardly. To make this possible, 
the inner part 11 is provided with a plurality of 
equi-angularly spaced apart slots 17 whose width 
increases in the direction towards the outer part 12. 

The core member shown in Figures 1 and 2 is 
thus very suitable for use in the method of dyeing 
in which the yarn is wound onto the tubular core 
member 10 and the wound yam is subjected to a 
dye liquor which passes through the pores of the 
inner and outer parts 11, 12. 

The end portion 18 of the inner part 11 may be 
fully sintered by forming it, for example, of pow- 
dered polypropylene powder while the remainder 
of the inner part 11 may be formed from poly- 
propylene chips, as described in Example V. This 
full sintering of the material in the end portion 18 
will ensure that the dye liquor does not pass there- 
through and will provide the inner part 11 with 
increased hoop strength. 



The inner and outer parts 11, 12 may be col- 
oured to provide an indication of the type of yam 
which is to be wound onto the tubular core mem- 
ber 10, such colouration of the core member 10 
s being effected, for example, as described in Exam- 
ple VI. 

Thus one may produce a core member having 
one single colour (e.g. red) indicating a particular 
type of yam, or it may be differently coloured in 

10 different parts thereof for this purpose. 

As will be seen from Figures 1 and 2, the inner 
and outer parts 11, 12 are so formed that the wall 
thickness of each of the inner and outer parts 
varies axially so that the combined wail thickness 

75 of these parts is substantially always the same 
irrespective of the extent to which these parts are 
telescoped into each other. 

In Figures 3 and 4 there is shown a self- 
supporting tubular core member 20 constituted by 

20 a porous sintered member of plastics material pro- 
duced in accordance with the process of any of 
Examples I to IX. The tubular core member 20 is 
thus such as to have at least a central portion 21 
which is porous and onto which central portion a 

25 package 19 of yarn may be wound so that it may 
be dyed while on the central portion 21. When the 
wound yam has been subjected to a dye liquor 
which has passed through the pores of the tubular 
dye core member 20, the yarn is liable to shrink 

30 and the tubular core member 20 is thus formed to 
. be radially contractible. 

For this purpose, the external surface 22 of the 
tubular core member 20 is recessed, as at 23, in a 
plurality of angularly spaced apart regions 24 which 

35 are arranged alternately with non-recessed regions 
25. The yarn will contact only the non-recessed 
parts of the external surface 22 so that, if the yam 
shrinks, the regions 24 will bow inwardly so as to 
radially contract and the yam package 19 will have 

40 an approximately hexagonal internal surface 26 and 
external surface 27. 

As shown in Figure 4, the opposite ends 30, 31 
of the tubular core member 20 may be fully sin- 
tered, as described In Example V. so as to ensure 

45 that the dye liquor does not pass therethrough and 
so as to provide the ends 30, 31 with increased 
hoop strength. 

The tubular core member 20, like the tubular 
core member 10, may be coloured throughout, or 

50 may have a plurality of differently coloured parts, to 
provide an indication of the type of yam which is to 
be wound onto it. 
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Claims 

1. A method of producing an at least partially 
sintered product, comprising introducing sinterable 
material Into a mould or die having at least one wall 
member which is adapted to produce a surface of 
the said product and which is microwave heatable, 
and subjecting said mould or die to microwave 
radiation so as to heat the mould or die and there- 
by effect at least partial sintering of the sinterable 
material, characterised in that the or each said wall 
member is made at least predominantly of micro- 
wave heatable material having a dielectric loss fac- 
tor € n ef | at the frequency of said microwave radi- 
ation of at least 0.1, and having a thermal con- 
ductivity of at least 10 Wm-'K- 1 . 

2. A method as claimed in claim 1 in which the 
or each said wall member has a thermal shock 
resistance parameter R of at least 10. 

3. A method as claimed in claim 1 or 2 in 
which the microwave heatable material comprises 
ceramic material. 

4. A method as claimed in claim 3 in which the 
ceramic material Is silicon carbide. 

5. A method as claimed in claim 4 in which the 
silicon carbide is produced by subjecting a mass of 
porous carbon or graphite to reaction with a silicon 
containing vapour. 

6. A method as claimed in any preceding claim 
in which the sinterable material is microwave heata- 
ble materia]. 

7. A method as claimed in any preceding claim 
In which the mould has male and female wall 
members which are adapted to form a tubular 
product therebetween, one only of said wall mem- 
bers being microwave heatable. 

8. A method as claimed in any preceding claim 
in which the sinterable material is admixed with a 
chemical foaming or blowing agent. 

9. A method as claimed in any preceding claim 
in which the sinterable material is introduced into 
the mould or die In the form of separate layers 
thereof which have differing sintering properties. 

10. A method as claimed in any preceding 
claim in which the mould or die is rotated during 
the sintering so as to effect biaxial rotation of the 
said sinterable material. 

11. A method as claimed in any preceding 
claim in which different parts of the mould or die 
are made of different microwave heatable materials 
which are respectively responsive to microwave 
radiation to different extents. 

12. A method as claimed in any preceding 
claim in which the said product is a self-supporting 
core member adapted to support a textile package. 

13. A method as claimed in claim 12 in which a 
filament, yam or wire Is wound onto the surface of 
the core member to form a textile package. 



14. A method as claimed in claim 13 in which 
at least a portion of the core member is porous, the 
wound filament yam or wire being subjected to a 
treatment liquid which passes through the pores of 

5 the said portion. 

15. A method as claimed in any of claims 12 to 
14 in which at least one end portion of the core is 
substantially non-porous. 

16. A method as claimed in any of claims 12 to 
70 1 5 in which the core member is formed to contract 

axially and/or radially when subjected to axial 
and/or radial pressure respectively. 

17. A method as claimed in any of claims 1-13 
in which the product is a traffic cone whose base is 

T5 formed from a mixture of ballast and polymeric 
material. 

18. A method as claimed in any preceding 
claim in which the sinterable material comprises 
soluble glass. 

so 19. A microwave heatable mould, or mould 

part, of silicon carbide material. 

20. A mould or mould part as claimed in claim 
19 in which the silicon carbide material is produced 
by subjecting a mass of porous carbon or graphite 

25 to reaction with a silicon containing vapour. 

21. Use of silicon carbide as a microwave 
heatable material. 
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